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PROGRAMMABLE UNI VERSAL TEST embedded test collars for testing memory devices. In this 

INTERE\CE FOR TESTING MEMORIES example, ASIC 100 includes a memory core A 104 and a 

WITH DIFFERENT TEST METHODOLOGIES memory core B 106, each having a test collar 110 and a test 

CROSS REFERENCE TO RELATED collar 114, respectively. As described above, test collar 110 

APPLICATIONS ^ ^® typically selected by the designer to accomplish 

a specific memory testing methodology. Once the test collar 

ITiis application claims priority of and is a continuation- for performing the designer's chosen testing methodology 

in-part of U.S. Ser. No. 08/853,276, filed on May 9, 1997, been integrated in ASIC 100, a test controller 120 that 

which is now as U.S. Pat. No. 5,968,192, entitled "Program- ^ specificaUy chosen to interact with test collars 110 and 114 

mable Universal Test Interface and Method for Making the is also integrated into the ASIC 100. 

Same," and this application also cldms priority of US. ,^ ^^^^^^ embedding test collars 110 and 114 for 

Prov^ional Patent /^pplication h^ U.S. Ser^ No 60/051 fo^^^i^ ^^e type of testing methodologies described 

385, filed on Jul. 1, 1997, entitled "Programmable Umversal designers also tvoicallv integrate scan test collars 108 

Test Interface and Method for Making the Same." Each of Jboye, designers also typically integrate scan test collars 108 

*u u J J ♦ ♦ r u u • for testmg wire routing and chip logic preceding memory 

the above-Identified patent appUcations are hereby mcorpo. ,s inputs and following memory outruts As sb^wn, scan 

rated by reterence. ^^^^ directly interface with memory core A 104 and 

BACKGROUND OF THE INVENTION memory core B 106, and miscellaneous storage elements 

1 Field of the Invention (e.g., latches, flip flops, and other memories). As is well 

-nie present invention relates generally to integrated "^^"'^^ ^ 1^^' "^"^ ? 1^^'. 

circuits, and more particularly to programmable memory '° miscellaneous storage elements 118 are typically mter- 

test interfacing logic circuitry and methods for making the ^Pf^if^ interconnected with static logic circuitry used 

gj^g when ASIC 100 operates m its mission mode (i.e., non-test 

2. Description of the Related Art 

As semiconductor integrated circuits have become 25 When a scan test is perfonned, "scan-in" (^^^ 
smaller and more densely integrated over the years, there has P"^^ ^^^^^^ ^^^^ ^ "^^^ «° 
been increased demands for more comprehensive testing to ^^^^ ^^°^^f ^ contained m miscellaneous storage 
verify electrical interconnections as well as the integrated elements 118, are serially chained together to form one long 
circuit's functionaHty. One type of integrated circuit testing ^? ^^^^ ^^^^^^^ ™- }^ ^ °^^g°^fi- 
concems testing the functional characteristics and electrical 30 ^^^^'^ 108 and miscellaneous storage ele- 
interconnections of memory devices that may be embedded ^.^^^ havmg SI and SO pins senally chamed 
in, for example, application specific integrated circuits together, begimimg at a SI pad 122 and endmg at a SO pad 
(ASICs). In some applications, as many as 100 random ^24. In this manner, all of the wire routing and chip logic 
access memories (RAMs) may be embedded in the core P^ceding memory mputs and followmg memory outputs 
logic of a single ASIC, and each memory is typically tested 35 !°^y conveniently tested directly from the ASIC s bond- 
to ensure proper functionality. Because of the dense mg pads (e g., by inputting test vectors mto SI pad 1^^ 
integration, designers have, for some time, implemented checking the results exitmg SO pad 124). 
testing circuitry that is embedded directly on the ASIC Although special test coUars for performing serial BIST, 
device to enable rapid verification of the integrity of the parallel BIST, parallel test, and serial test are readily avail- 
millions of electrical interconnections and the functionality 40 able for integration into most ASIC designs, these test 
of memory devices themselves. collars typically demand a fair amount of core logic 102 area 

There are a number of weU known and commonly used ^o be properly laid out. As a result, the necessity to inte- 

testing methodologies that may be embedded into the ASIC, g^'^^^S ^^^^ collars into a multi-memory ASICs has the 

each requiring special logic circuitry and interfacing con- unfortunate effect of mcreasmg chip size and, therefore 

nections. The special logic circuitry is typically available in 45 Packaging sizes. 

the form of "test collars," which contain the necessary Yet another drawback of implementing different test col- 
interconnections for performing a desired testing methodol- lars for performing different types of testing methodologies 
ogy. Because circuit design companies tend to have varying is, that a substantial amount of design labor and verification 
preferences on the types of test collars used in their ASIC goes into integrating test collars into a particular ASIC. For 
applications, each test collar is typically optimized for 50 example, assume that design company A prefers to test its 
performing a single type of test methodology. As is well ASIC memory devices with a serial BIST methodology and 
known in the art, typical test methodologies may include a a scan test, and design company B prefers to tost its ASIC 
serial built-in-self-test (BIST), a parallel BIST, a parallel test memory devices with a parallel test and a scan test. Although 
(MUX isolation), a serial memory test and a scan test. For both design company A and B may be using the same types 
more information on memory testing methodologies, refer- 55 of memories, such as, for example, a DRAM memory, an 
ence may be made to (1) A. L. Silburt, A 180-MHz 0.8 jW-m SRAM memory or an SDRAM memory, both companies are 
BiCMOS Modular Memory Family of DRAM and Multiport generally required to perform custom test collar integration 
SRAM, IEEE Journal of Sohd-State Circuits, Vol. 28, No. 3, to implement their diosen testing methodologies. Although 
March 1993; (2) B. Nadeau-Dostie, Serial Interfacing for custom test collar integration is typically not a difficult 
Embedded-Memory Testing, IEEE Design and Test of 60 design task, custom integration is generally a time consum- 
Computers, April 1990; and (3) S.Komachuk,i4///g/i5peei/ ing task that may slow down product development and 
Embedded Cache Design with Non-Intrusive BIST, IEEE subsequent product release. 

International Workshop on Memory Technology Design and In view of the foregoing, there is a need for a memory test 

Testing, pages 40-45, August 1994. All three articles are interface that may be programmed to perform user selected 

incorporated herein by reference. 65 memory testing methodologies wi Lhout the need for meth - 

FIG. lA shows an application specific integrated circuit ^odo^ogy specifiy je st collars. Further, there is a need for a 

(ASIQ 100 having a core logic 102 and a number of method of making a memory test interface that may be 
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integrated to a memory device itself, and programmable by then communicated to a plurality of memory connection 

a user to perform its preferred memory testing methodology. pins that couple up to the memory device. The logic com- 
ponent means is capable of being configured in accordance 

SUMMARY OF THE INVENTION ^itb one or more memory testing methodologies including 

Broadly speaking, the present invention fills these needs ^ ^ ^^"^^ bufit-in-self-test (BIST), a parallel built-in-self-test 

by providing a programmable memory testing interface that (BIST), a paraUel test, a serial test, and a scan test. The 

may be configured to operate in a number of user pro- configuring is performed by selectively interconnecting 

grammed testing methodology arrangements. It should be selected ones of the plurahty of input pins and output pins 

appreciated that the present invention can be implemented in external signals that drive the logic interface means in 

numerous ways, including as a process, an apparatus, a ^ ^^^^ ^^^^ operates in the one or more memory testing 

system, a device, or a method. Several embodiments of the methodology or a mission mode. 

present invention are described below. In yet another embodiment, a method for using a memory 
In one embodiment, a programmable memory test inter- generator to make a memory core on a semiconductor chip 
face for testing a memory device is disclosed. The program- ^ disclosed. The method includes integrating interface logic 
mable memory test interface includes a plurality of pro- circuitry to the memory core. The interface logic circuitry 
grammable input pins and output pins, and logic circuitry to * plurality of memory core pins that connect to the 
interface the plurahty of programmable input pins and memory core, and the interface logic also includes a plural- 
output pins to the memory device. The logic circuitry is "^P^^ P^"^ ouppuX pins. The method further 
capable of being configured in accordance with a plurality of includes interconnecting some of the plurality of input pins 
different memory testing methodologies, and is configurable and output pins to convert the programmable memory 
into at least one memory testing methodology depending on testmg interface into at least one memory test methodology 
the wiring of the plurality of programmable input pins and ^^^^ selected from the group consisting of a serial built- 
output pins. Preferably, the programmable input pins and m-self-test, a paraUel built-in-self-test, a parallel test, a serial 
output pins' may be selectively interconnected, or may be ^ ^^^t. The plurality of input pins and output 
coupled to a test controller th at is configured to drive the P"^^ ^^^^ capable of being interconnected are further 
logic circuitry in at least one of the plurality of different capable of being connected to wiring that is external to the 
memory testing methodologies. interface logic circuitry, and the wiring is configured to drive 

In another embodiment, a programmable memory lest ^ ' 
interface for testing a memory device is disclosed. The 30 Advantageously, the various embodiments of the present 
interface includes a plurality of programmable input pins invention provide methods and apparatuses for a universal 
and output pins. Also includes is a logic component means memory test interface that is modular in many respects, and 
for interfacing the plurality of programmable input pins and provides designers with the programming flexibility to con- 
output pins to the memory device. The logic component figure the interface to perform their preferred testing meth- 
means is capable ofbeing configured in accordance with one 35 odologies. By way of example, a designer may simply 
or more memory testing methodologies. TTie configuring is perform minor electrical interconnections among the uni- 
preferably accomplished by interconnecting selected ones of ^^^^ ^^^^ interface input/output pins, and/or simply connect 
the plurality of programmable input pins and output pins. ^® universal test interface to the designer's most preferred 
The interface further includes a plurality of memory inter- ^^^t controller. In addition, when the universal lest interface 
facing pins that connect the logic component means to the ^ present invention is compacUy integrated as part of a 
memory device. memory device, substantial reductions in core logic area 

In yet another embodiment, a programmable memory test "^7 achieved thereby enabling more densely integrated 

interface is disclosed. The p^oi^S55I51^^5i^m^foS; ^°^Pf performance apphcations. This integra- 

includes logic circuitry that is configured to be integrated to customization of the test interface element 

a memory device. The memory device has a plurality of 45 ^''''^ ^^V^^ negative unpact of test access on 

receiving connections that are configured to be coupled to a "'^^^ performance is minmiized. Other aspects and 

plurahty of internal connections of the logic circuitry. The advamages of the invention wiU become apparent from the 

interface further includes a plurahty of programmable input Allowing detailed description, taken m conjunction with the 

pins and output pins that lead to and from the logic circuitry. accompanying drawmgs, illustrating by way of example the 

The programmable input pins and output pins are configured 50 P"°c*P^^s of the mvenUon. 

to receive control driving signals from external wiring that BRIEF DESCRIPTION OF THE DRAWINGS 
connects to selected ones of the programmable input pins 

and output pins that enable operating the memory device in Th^ present invention will be readily understood by the 

one of a test mode and a mission mode. In this manner, the following detailed description in conjunction with the 

programmable input pins and output pins can be selectively 55 accompanying drawings, wherein like reference numerals 

interconnected to transform the logic circuitry into at least designate like structural elements. 

one type of memory testing methodology interface. This FIG. lA shows an appUcation specific integrated circuit 

enables testing the memory device when operating in the test (ASIC) having core logic and number of embedded test 

mode and operating the memory device in a non-test mode collars for testing memory devices, 

when in the mission mode. FIG- IB illustrates a scan test wiring arrangement using 

Still further, the present invention discloses another pro- scan test collars to complete a scan test of the wire routing 

grammable memory test interface embodiment for testing a and chip logic preceding memory inputs and following 

memory device. The interface includes a plurality of pro- memory outputs. 

grammable input pins and output pins. A logic interfacing FIG. 2A is a top view of an exemplary integrated circuit 

means for connecting external signals to the plurahty of 65 design having a plurality of input/output cells and bond pads 

programmable input pins and output pins, liie external defined along the periphery in accordance with one embodi- 

signals are processed by the logic interfacing means and ment of the present invention. 
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FIG. 2B shows another exemplary integrated circuit FIG. 14 shows a circuit diagram of the Un being wired 

design having only one core memory and an integrated for scan test mode and a serial test mode operation in 

universal test interface in accordance with one embodiment accordance with one embodiment of the present invention, 

of the present invention. FIG. 15 shows a circuit diagram of the Un being wired 

FIG. 2C is a more detailed view of a core memory being 5 to enable testing under a serial test mode in accordance with 

integrated with the universal test interface having input/ embodiment of the present invention, 

output pins in accordance with one embodiment of the P^^- shows a UTI that is configured to operate for 

present invention two-port register file memories (write-port) in accordance 

FIG. 2D shows one preferred detailed logic circuitry with one embodiment of the present invention, 

implementation contained within the universal test interface ^^'^ " ^"l?^^ '*lf wnte-port UTI of FIG. 16 after custom 

in accordance with one embodiment of the present invcn- ^'"S performed to enable serial test mode operauon in 

*^ accordance with one embodiment of the present invention. 

'lAL . , ' ^ ' • ^ FIG. 18 shows the write-port UTI of FIG. 16 after being 

HG. 3Ashov« the universal test mterface bemg wired to ^^^^ appropriate logic gates to enable both scan tesl 

perform a senal BIST memory test m accordance with one mode and serial test mode operation in accordance with one 

embodunent of the present invention. embodiment of the present invention. 

FIG. 3B is a flowchart illustrating the method operations FIG. 19 shows the write-port UTI after being wired to 

that may be carried out in performing a serial BIST testing enable parallel test mode operation in accordance with one 

methodology, using the universal test interface in accor- embodiment of the present invention, 

dance with one embodiment of the present invention, FIG. 20 shows the write-port UTI after being wired to 

FIG. 4A is a detailed illustration of the preferred wiring enable serial test mode operation in accordance with one 

interconnections that may be performed to implement the embodiment of the present invention, 

universal test interface for scan testing in accordance with FIG- 21 shows the write-port UTI after being wired to 

one embodiment of the present invention. enable serial BIST mode operation in accordance with one 

FIG. 4B is a flowchart illustrating the method operations 25 e"^*^^™^^^ Present invention, 

that may be performed during a scan test implemented FIG. 22 shows the universal test interface (UTI) being 

through the universal test interface in accoidance with one ^? ^ ^^^^".P^^ for two-porl register file 

embodiment of the present invention. memories in accordance with one embodiment of the present 

FIG. 5A shows the exemplary interconnections performed -4 u *i, ^ im m/-. c. 

a *u • • / . • . _r . _c 111 FIG. 23 shows the read -port UTI of FIG. 22 after custom 

o configure he universal test mterface to perform a parallel 30 , .^^^ ^ enable memory updates and stall capa- 

test methodology m accordance with one embodiment of the biUties in accordance with one embodiment of the present 

present mvention. invention. 

FIG. SB is a aowcharl illustrating the method operations ^^ows a read-port UTI arranged without pipeline 

that may be performed when implementmg the universal test capabiKties and being wired to enable parallel test mode 
mterface in a parallel test methodology in accordance with 35 operation in accordance with one embodiment of the present 

one embodiment of the present invention. invention 

FIG. 6AshowstheewmpIaiy wiring configurationof the pjc. 35 shows a read-port UTI without pipeline 

universal test mterface for conducting a serial test method- capabilities, and being wired to enable scan test operation in 
ilvfrnion*'*" embodiment of the present ^ accordance with one embodiment of the present invention. 

^ ... ... . . . . . FIG. 26 shows a read-port UTI without pipeline capabili- 

FIG. 6B IS a flowchart illustrating the method operations ^eing wired to enable serial BIST mode operation 

that may be unplemented when the universal test interface is ^ accordance with one embodiment of the present inven- 

used for senal testing methodologies m accordance with one ^-q^ 

embodiment of the present invention. ^- , , ^ i m *u * • a. ui u *i. 

— ^ . , , , .45 FIG. 27 shows a read-port UTI that IS wued to enable both 

HG. 7 IS a flowchart Jlustralmg the method operations ^^^^ ^^^^ g^^al test mode operation in accordance 

that may be implemented m mtegraUng the umversal test embodiment of the present invention, 

mterface into a semiconductor chip m accordance with one io u j * im *u * • • ui 

^rr.ur.A\r^^r.i i^,,^^*;^^ FIG. 28 shows 3 icad-port UTI that is wired to enable 

embodiment oi the present mvention. • i » * j • j . j- 

r , serial test mode operation in accordance with one embodi- 

HG. 8 IS a general logic diagram for a pipelme universal ^^^^ invention, 

test mterface in accordance with one alternative embodiment p,Q ^9 shows a read-port UTI that is wired to enable 

of the present invention. n i * * j *• • j -.i. . 

J,. , parallel test mode operation m accordance with one embodi- 

HG. 9 IS a general logic diagram for a dedicated test ^^^^ ^^^^^ invention. 

output universal test interface in accordance with another ci/^ inoi,^„,o.,« a ^im*i, *♦ a* ui 

x^*^ u J- * r *u * • *• FIG. 30 shows a read-port UTI that is wired to enable scan 

alternative embodiment of the present invention. cc * . ^ - j ^ j- u 
^_ . , , . J. Ml . , ^5 t^st mode operation in accordance with one embodunent of 

HG. 10 IS a general logic diagram illustratmg a universal ^^^^^ invention. 

test interface in accordance with yet another alternative ^i , a * inn ♦t, * • - a * ui 

... . r*. * • rIG. 31 shows a read-port UTI that is wired to enable 

embodiment of the present mvention. . , r>TOT- * . j . • j 

.,. . . , serial BIST test mode operation m accordance with one 

HG. 11 is a general logic diagram lUustratmg a universal embodiment of the present invention. 

test mterface m accordance with still another alternative cir^c ^-^ *u c i rxr ^^m, *t- . 

u A- * P.u * • FIGS. 32 through 37 show examples of N-port UTI*s that 

embodunent of the present mvention. ^ onA»# • • L 

r^r^ . 11 1 are configured for SRAM memories in accordance with one 

HG. 12 is a general logic diagram lUustraUng a universal embodiment of the present invention. 

test interface in accordance with still yet another alternative 

embodiment of the present invention. DETAILED DESCRIPTION OF THE 

HGS. 13 is a two-port register file circuit diagram of the 65 PREFERRED EMBODIMEIMTS 

UTI in accordance with one embodiment of the present An invention for a programmable memory test interface is 

invention. disclosed. In the following description, numerous specific 
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details are set forth in order to provide a thorough under- 
standing of the present invention. It will be understood, 
however, to one skilled in the art, that the present invention 
may be practiced without some or all of these specific 
details. In other instances, well known process operations 5 
have not been described in detail in order not to unneces- 
sarily obscure the present invention. 

In one embodiment of the present invention, a universal 
test interface (UTI'^^) that may be implemented for testing 
memory devices integrated into integrated circuits is dis-> 
closed. In this embodiment, the Un is a modular memory 
test interface that is preferably programmable to perform 
any number of testing methodology selected by the end user. 
By way of example. Artisan Components, Inc. of California, 
makes a number of Process-Perfect*^ memories that may be 
integrated with the UTI to offer a full range of memory 
testing methodology (i.e., design for test ''DFT*) options, 
including support of a serial built-in-self-test (BIST), a 
parallel BIST, a parallel test (MUX isolation), a serial 
memory test, and a scan test. It is important to realize that 
the un of the present invention is user programmable, 20 
significantly more compact than prior art collar 
implementations, and is specifically designed to reduce the 
impact on mission mode performance degradation. 

FIG. 2A is a top view of an exemplary integrated circuit 
design 200 having a plurality of input/output cells and bond is 
pads 201 defined along the periphery in accordance with one 
embodiment of the present invention. Contained within 
integrated circuit design 200 is a central core logic area 202 
where a core memory A 204 and a core memory B 205 are 
integrated. In this embodiment, core memory A 204 and core 3Q 
memory B 205 each have a universal test interface (UTI) 
206 integrated along one side of the core memory devices. 
Connected to each UTI 206 is a test controller 207 which is 
typically integrated into core logic area 202 to drive specific 
user-defined test patterns (i.e., vectors) into UTI 206 when 35 
testing under specific testing methodologies. In one 
embodiment, test controller 207 may be optimized to drive 
UTI 206 with test patterns designed to test a memory device 
under a serial built-in-self-test (BIST), a parallel BIST, a 
parallel test (i.e., MUX isolation), and a serial memory test. 4Q 

Also shown is a cloud 208 which may represent any 
number of miscellaneous storage elements that may lie 
between core memory A 204 and core memory B 205. As 
described above, it is also common to test memory cores 
(i.e., 204 and 205) and miscellaneous storage elements for 45 
appropriate wire routing and logic integration by implement- 
ing a scan test. When scan testing is desired, UTI 206 may 
simply be programmed by performing simple wiring inter- 
connections to form a "scan chain" that will allow UTI 206 
to receive and process scan test patterns. It should be 50 
appreciated that by providing a simple integrated UTI 206 as 
part of core memory A 204 and core memory B 205, the need 
to implementing prior art test collars for each user desired 
test methodology is essentially eliminated. As such, the 
integrated circuit design may be designed in a more compact 55 
layout, thereby reducing the overall size of the chip. 

By way of example, by simply providing UTI 206 as part 
of each core memory, the user need not concern itself with 
integrating one methodology-specific test collar into core 
logic area 202 to enable its preferred memory testing meth- 60 
odology. As such, UTI 206 provides the power of a pro- 
grammable logic interface that may be wired to perform any 
desired testing methodology, while reducing the possibly 
laborious task that may be associated with integrating 
methodology-specific test collars. 55 

FIG. 2B shows another exemplary integrated circuit 
design 200' having only core memory A 204 and an inte- 
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grated UTI 206 in accordance with one embodiment of the 
present invention. In this example, test controller 207 need 
only interface with one UTI 206 to drive the logic circuitry 
provided in UTI 206, with user provided test patterns when 
UTI 206 is set in test mode. UTI 206 is also well suited 
interface with core memory A 204 to operate in mission 
mode with a minimal degree of performance impact. As in 
FIG. 2A, a scan test may also be performed in addition to 
any other test controller driven testing methodology without 
further impacting mission mode operation. It is therefore 
important to realize that UTI 206 is typically programmed to 
operate for test configurations, such as, for example: (a) a 
serial BIST and scan test; (b) a parallel BIST and scan test; 
(c) a parallel test and scan test; and (d) a serial test and scan 
test. However, in some instances, it may be desirable to 
program UTI 206 to operate in more than two testing 
methodologies by implementing a minimal amount of logic 
circuitry that is external to the UTI 206. It should be noted 
that none of the necessary external logic required for the 
above strategy will impact mission mode performance. 

In one embodiment, UTI 206 may have selected input/ 
output pins (shown below) wired together to complete a scan 
chain, and thereby enable the receiving of test vectors 
configured to test the wire routing and chip logic preceding 
memory inputs and following memory outputs. Because the 
UTI 206 is very compact and flexibly programmed in 
accordance with a particular user's testing preferences, it is 
even possible to reduce the chip size of even large scale 
application specific integrated circuits (ASICs) having up to 
30 or more embedded core memories, thereby enabling 
more dense integration. Accordingly, UTI 206 provides 
ASIC designers with a powerful circuit that eliminates the 
need for specialized test collars, and eliminates integration, 
routing and timing constraints that may be unique with each 
particular testing methodology. 

FIG. 2C is a more detailed view of core memory 204 
being in integrated communication with UTI 206 in accor- 
dance with one embodiment of the present invention. It 
should be understood that core memory 204 may be any type 
of read/write memory, which may include a DRAM, an 
SRAM, a CAM, a register file or an SDRAM. Of course, 
other memory devices such as read-only memories and 
FPGAs may also benefit from the inventive programmability 
and modularity of UTI 206. The following is an overview 
pin description identifying the signals, buses and pins that 
define the preferred input/output pins of the UTI 206 in 
accordance with one embodiment of the present invention. 

From left to right, TA is a test address input bus which 
leads into UTI 206, and is used to address memory core 204 
during a read or a write operation. As described in Table 1 
below, when a test input select "TIS" pin is driven high, TA 
is the address applied totthe memory core during a read or 
a write operation, ihe next pin "A" 'is a mission mode 
address input bus that is applied to the memory core during 
a read or write operation when TIS is driven low. The next 
pin is "AQ," which is an output bus for the address scan flip 
flops (i.e., flip flops 212 described below). In this 
embodiment, when TIS is driven low, AQ is a latched 
version of the mission mode address input bus "A". On the 
other hand, when TIS is driven high, AQ is the latched 
version of the test address input bus "TA". The next pin 
"CK" is the* clock pin that is preferably pulsed during any 
memory mission mode operation as well as test mode 
operation. In general, CK signifies the beginning of a 
memory mission mode or test operation. As mentioned 
above, the next pin "TIS" is a MUX select that is used to 
select the test infnits when TIS is high, and the mission mode 
inputs when TIS is low. 
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Continuing with the pin descriplions^the next pin to the "/OE" pin, which will disable the memory output drive on 

right is a test chip enable pin "/TCE", which is used to the Q outputs when /OE is high and TIS is low, and enable 

disable a memory operation wnep the test input select'^^S^* the memory when both /OE and TIS are low. The next pin 

pin is d riven high^ a nd /TCE is high. Conversely, /TCE will is an output enable scan flip flop output "/OEQ" pin, which 
^BSWira memory operation when TIS is driven low, and 5 represents the latched version of /TOE when TIS is high. 

/TCE is low. The next pin is a mission mode chip enable Conversely, when TIS is low, /OEQ will represent the 

"/CE" pin that has substantially the same functionality as the latched version of /OE. The next pin is a test data bus "TD" 

test chip enable "/TCE" pin when TIS is driven low. The pin that represents the input to the core memory 204 and the 

next pin is a chip enable scan flip flop output "/CEQ" pin, data scan flip flops (i.e., 212), when TIS is high. The next pin 
which represents a latched version of mission mode chip lo is a mission mode data bus "D", that represents the input to 

enable "/CE", when TIS is low. Conversely, when TIS is the core memory and the data scan flip flops when TIS is 

high, /CEQ will represent the latched version of /TCE. The low. 

next pin is a test write enable "/TWE" pin that enables a Further yet, the next pin is a data scan flip flop output 

write when /TWE is low and TIS is high, and will enable a «dq" pu, that represents the latched version of the mission 
read when /TWE is high and TIS is high. is mode data bus "D" when TIS is low. When TIS is high, DQ 

The next pin is a mission mode write enable "/WE" pin will represent the latched version of test data bus TD. The 

that enables a read when it is high and TIS is low, and flnal pin at the rigfitmost portion of UTI 206, is an output bus 

enables a write when it is low and TIS is low. The next pin "Q", which represents the output of the UTI 206 interface 

is a write enable scan flip flop output "/WEQ" pin, which determined by Uie state of the pins TIS, TM, /TOE, and /OE. 

represents the latched version of the mission mode write Specifically, if TM is low, the state of the output bus "Q" is 

enable "/WE" pin when TIS is low. When TIS is high, /WEQ determined by the output of the MUX 210 between /TOE 

represents the latched version of the test write enable and /OE. If TM is high, the state of the output bus "Q" is 

"/TWE." The next pin is a test mode "TM" pin that, when determined by the state of the signal /OE. 

driven high, the output 0 of the UTI 206 interface represents Although a detailed pin description has been provided in 

the latched version of D (mission mode data bus) or TD (test 25 specific order, it should be understood that the particular 

data bus), as determined by TIS (depending on the state of order or arrangement may be modified to any other suitable 

/OE). On the other hand, when TM is driven low, the Q arrangement as well. Further yet, although specific names 

output of the UTI 206 interface represents the core memory have been assigned to each pin for ease of description and 

204 outputs (depending on the state of /OE), illustration, other names may be applied to each pin, or pins 

Still further, the next pin is a test output enable "/TOE" may be combined or eliminated by implementing additional 

pin that enables the output drive of the memory Q outputs logic that may be internal or external to UTI 206, For ease 

when /TOE is low and TIS is high. On the other hand, when of reference. Table 1 below identifies each of the exemplary 

/TOE is high, this will disable the memory output drive on pins and their preferred functionality in accordance with one 

the Q outputs. The next pin is a mission mode output enable embodiment of the present invention. 



TABLE 1 



TfeslAdc 



Exemplary Pin Description 



TA] 

lest Address 
^taJUuilfius 

Mission Mode 
Address Input Bus 
(AQ) 

Output Bus of 
Address Scan 
Flip Flop 
(CK) 
Clock 

(TIS) 

Test Input Select 
(/TCE) 

Test Chip Enable 
(/CE) 

Mission Mode 
Chip Enable ' 
(/CEQ) 

Chip Enable Scan 
Flip Flop Output 
(/TWE) 

Test Write Enable 
(/WE) 

Mission Mode 
Write Enabte 
(AVEQ) 

Write Enable Scan 
Flip Flop Output 
CTM) 



When TIS is high, TA is the address applied to the memory 

core during a- read or a write operation. 

When TIS is low, A is the address applied to the memory 
core during a read or write operation. 

When TIS is low, AQ is a latched version of A. When TIS is 
high, AQ is a latched version of TA. 



Clock (CK) is always pulsed during any memory mission 
mode or test operation. Clock (CK) signifies the beginning 
of a memo mission mode or lest o cration. 
TIS is a MUX select which selects the test inputs when it is 
high, and Selects the mission mode inputs when it is low. 
When TIS is high, /TCE will disable a memory operation 
when fTCk is high. /TCE will enable a memory operation 
when /TCE is low. 

When TIS is low, /CE has substantially the same 
functionality of /TCE. 

When TIS is low, /CEQ is the latched version of /CE. When 
TIS is high) /CEQ is the latched version of /TCE. 

When TIS is high, /TWE being low will enable a write, and 
/TWE being high will enable a read 
When TIS is low, /WE being high will enable a read, and 
/WE being low will enable a write. 

When TIS is low, /WEQ represents the latched version of 
/WE; when TIS is high, /WEQ represents the latched version 
of /TWE. 

When TM is high, the output Q of the UTI interface 
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TABLE l^ontinued 


Exemplary Pin Description 


Test Mode 


represents the latched version of D or TD as determined by 




TIS, depending on the state of /OE. 




When TM is low, the Q output of the UTI inter&ce 




represents core memory outputs, also depending on the state 




of/OE. 


(AOE) 


When TIS is high, /TOE being low will enable the output 


Test Output Enable 


drive of the memory Q outputs. /TOE being high will disable 




the memory output drive on the Q outputs. 


(fOE) 


When TIS is low or TM is high, /OE being high will disable 


Mission Mode 


the memory ou^}ut drive on the Q outputs. When /OE is low 


Ou^ut Enable 


it wUl enable the output drive on the Q outputs. 


(/OEQ) 


When TIS is high, /OEQ represents the latched version of 


Output Enable Scan 


/TOE; when TIS is low, /OEQ represents the latched version 


Flip Flop Output 


of/OE. 


CTD) 


When TIS is high, TD rqiresents the iiq)ut to the core 


Test 


memory and the data scan flip flops. 


Data Bus 




(D) 


When TIS is low, D represents the uapvt to the core memory 


Mission Mode 


and the data scan flip flops. 


Data Bus 




(DQ) 


When TTS is low, DQ represents the latched version of D; 


Data Scan 


when TIS is high, DQ represents the latched version of TD. 


Flip Flop Output 




(Q) 


Q represents the output of the UTI interface determined by 


Output Bus 


the functionality of the /OE, /TOE, TIS, and the TM pins. 



FIG. 2D shows a preferred detailed logic circuit imple- 
mentation contained within UTI 206 in accordance with one 
embodiment of the present invention. In the arrangement of 
this embodiment, the top portion of the interface has a 
plurality of memory core interconnections that provide clock 
signals, addressing signals and data signals to and from a 
memory core. It should be understood that the exemplary 
logic is configured to operate in a non-registered mode (i.e., 
no pipeline), however, with simple logic modifications, the 
Un of this embodiment may be configured to operate in a 
registered manner as well. For completeness, the following 
pin connections are either directed in or out of a memory 
core, and may ultimately be integrated with UTI 206. Thus, 
pin connections A^q, A^j, Ai„_i, CK, /CE,, /WE^, D^, Q^, 40 
D/i, Q/i, D^i, and Q^_i are preferably directly interfaced 
with a memory core. In this embodiment, UTI 206 includes 
a combination of input multiplexors 210 that are shown 
coupled to a plurality of input pins of UTI 206. 

By way of example, pin TA^ and pin Aq both feed into a 45 
first MUX 210 that has an output leading to a node 230. 
Node 230 is preferably coupled to a flip flop 212 and pin A/o 
that leads to a memory core. This MUX 210 is shown having 
a select line coupled to a node 246 that is in turn coupled to 
the test input select "TIS." The next MUX 210 to the right 5^ 
defines the next bus input pins TAi and Ai, and has an output 
leading to node 230 that is also coupled to a flip flop 212 and 
pin Aj^ that leads to the core memory. All flip flops 212 are 
also coupled to a node 242 that is configured to receive a 
buffered clock "CK" signal, this is accomplished by huffier 
224. *5 

In this embodiment, pin AQq is an output from the first flip 
flop 212, and AQ^ is an output from the second flip flop 212. 
It should be understood that the first two flip flops 212 and 
the first two multiplexors 210 from the left of UTI 206, may 
be replicated any number of times, depending on the number 
of bits associated with the test and mission mode address 
bus, and the output bus of the address scan flip flops 212. 
The third MUX 210 has input pins TA,„_i and A,„_i, and an 
output coupled to node 230 leading to flip flop 212, as well 
as to a pin A,,„.i which leads to the core memory. ITiis flip 65 
flop 212 is also coupled to node 242, and an output leads to 
a pin AQ„,j. 



The next input pin into UTI 206 is the clock (CIQ input 
pin which is coupled to a node 232 that leads to the memory 
core connection CK, and node 232 also defines the input to 
buffer 224, which has an output coupled to node 242 as 
described above. The next pin is the test input select (US) 
pin that is used to drive node 246 in order to select the test 
inputs or the mission mode inputs. By way of example, when 
TIS is driven high, the test inputs are selected, and when TIS 
is driven low, the mission mode is selected. The next MUX 
210 to the ri^t of pin TIS has input pins /TCE and /CE, and 
MUX 210 has an output leading to a node 233 that defines 
an input to flip flop 212, as well as a pin /CE^ leading to the 
memory core. The MUX 210 also receives a select signal 
from node 246, which is driven by the aforementioned TIS 
pin. The next pin of UTI 206 is an output pin /CEQ vfinch 
is an output of flip flop 212. 

The next MUX 210 has input pins /TWE and AVE, and 
has an output coupled to a node 234, which defines an input 
to flip flop 212, and a coimection to a memory core pin 
This flip flop 212 also shows an output leading to output pin 
/WEQ which defines the write enable scan flip flop output. 
The next pin of UTI 206 is the test mode "TM" pin, which 
is coupled to a node 226. Node 226 defines an input to a 
NOR gate 216 and a NOR gate 214. In this example, NOR 
gate 214 receives the test mode signal from node 226 and 
inverts it before being processed by NOR gate 214. In an 
alternative embodiment, NOR gates 214 and 216 may be 
replaced with NAND gates, or any other suitable circuitry. 
Of course, when the gates of UTI 206 arc actually laid out 
in silicon using weU known software layout tools, the 
transistor layouts may differ from the exact pictorial logic 
gate designs. 

The next MUX 210 has input pins /TOE and /OE. In this 
example, signal /OE represents the mission mode output 
enable signal, and is coupled to both MUX 210 and an input 
of NOR gate 214. Further, MUX 210 has an output leading 
to a node 228, which is coupled to flip flop 212, and defines 
an input to NOR gate 216. Flip flop 212 is also coupled to 
node 242 as described above. Further, this flip flop 212 also 
has an output leading to output pin /OEQ of UTI 206. Pins 



55 



60 



05/12/2004, EAST version: 1.4.1 



6,044,481 

13 14 

TDo and Dq are also coupled to a MUX 210 that has an 

output leading to a node 252, which defines an input to flip TABLE 2 

flop 212, and is coupled to a pin Dyo leading to the memory — ^— 

core. This flip flop 212 is also coupled to node 242, and has serial bist 

an output coupled to a node 236. Node 236 leads to an output 5 Exemplary wiring Description 

pin DQo, as well as defining an input to a tristate buffer 220, controlled inputs: TA(0:m-i), tce^ twe_, toe_. ns, CK, 

which has an output defined at a node 250. In this TM,TD(0) 
embodiment, tristate buffer 220 is shown receiviog a control 

input from NOR gate 214. strobed outputs: Q(n-l)(only the most signincam bit) 

XT J ^mn • u 1 J . * * ■ r\ 11 OTHER INPUTS: ignored during Serial BIST test 

JNOae Z3U IS snown COUpiea to an output pm Uq, as wen jq cTOEr outputs: ignored during Serial BIST test 

as defining an output node for a tristate buffer 218. In this 

embodiment, tristate buffer 218 has a control input driven by Starting at Q(0), connect Q(0 to TD(i+i), continuing until TD(n-i). 

NOR gate 216 at a node 240, and has an input being received '^(^) ^ P0"»^ Serial BIST controller to drive, 

r • 4 • • J r *i_ c* n QCn-1) is the eflfective serial output, 

from pm Qy^ that is received from the memory core. Still ^ 

further, pin TD represents the test data bus, pin D represents inputs tce_, twe_, toe_ tis, ck, tm, TA(0:m-i) are driven 

the mission mode data bus, and Q represents the output bus. "in parallel" by the Serial BIST controller. 



It should be appreciated that pins TD, D and Q may be 

repUcaled any number of times depending on the bus width example, pins TAq, TA^, TA„ „ CK, TIS, fTCE, 

and therefore, MUX 210, fiip flop 212, U-istate buffer 220, ^qE, and TDq all receive inputs driven by 

and Instate buffer 218, may likewise be replicated any serial BIST controller 302. To complete the wiring for serial 

number of times, and driven accordingly by NOR gates 214 BIST testing methodologies, Qq is coupled to TDj, and this 

and 216 to complete the desired test. is repeated for the entire bus up to the example of Q^, which 

As will be appreciated by those skilled in the art, UTI 206 is coupled to D„_i. Finally, pin provides an output 

provides a logic MUX 210 on all inputs to allow all test which is received by the serial BIST controller 302. 

operations to occur outside of the critical paths of a mission 2S 3B is a flowchart illustrating the method operations 

mode operation. Therefore, this enables the inclusion of a that may be carried out in performing a serial BIST testing 

memory test bus without impacting the operating speed of a methodology using UTI 206 in accordance with one 

memory core that includes UTI 206 integrated thereon. It is embodiment of the present invention. The method beings at 

further noted that UTI 206 includes D-type flip flops 212 in an operation 310 where a write cycle is performed serially 

parallel with the inputs, which advantageously enables fiill 30 writing a "0" for every bit of every word in a memory core, 

scan testing capabilities in designs that incorporate scan Once every bit of every word has been serially written with 

testing methodologies. Furthermore, the preferred combina- "0** data, the method will proceed to an operation 312 where 

tion of input multiplexors 210 and embedded flip flops 212 the address is set using the TA pins of the UTI 206 in 

provide all of the critical path logic necessary for accordance with one embodiment of the present invention, 

implementing, among others, serial test methodologies, and 35 Next, the method will proceed to an operation 314 where a 

BIST memory testing methodologies. read at the location specified by the address and the strobe 

Because of UTI 206 provides a powerful logic interface Q„_i is performed. After the read is performed, the method 

that is modular in many respects, designers are provided proceeds to an operation 316 where TDq is driven by the 

with an interface that is programmable to meet their pre- pattern, and a write at the location specified by the address 

ferred testing methodologies. In this manner, a designer can 40 is performed. 

simply perform minor electrical interconnections among the The method then proceeds to a decision operation 318 

UTI 206 input/output pins, and/or simply connect the UTI where it is determined if the current bit is the last bit in the 

206 to the designer's most preferred test controller. The word. If the current bit is not the last bit in the word, the 

following examples are provided to illustrate the program- method will revert back to operation 314 where a read at the 

mability and modularity of UTI 206 when configured to 45 location specified by the address and the strobe Q„_i is again 

operate under exemplary testing methodologies, however, it performed. At this point, the method will proceed through 

should be understood that UTI 206 may be configured to operation 316 as described above, and then proceed back to 

operate in more than one test methodology at one time, as operation 318, where it is again determined if the current bit 

well as in other testing methodologies not described herein. is the last bit in the word. When the last bit is reached, the 

By way of example, UTI 206 is typically wired to operate 50 method will proceed to another decision operation 320, 

under one specific memory testing methodology in addition where it is determined if the current address is the last 

to enabling scan testing. address in the memory. If it is not the last address in the 

With this in mind, FIG. 3A shows UTI 206 being wired memory, the method will proceed back through operations 

to perform a serial BIST memory test in accordance with one 312, 314, 316, 318, and then back to operation 320. 

embodiment of the present invention. As described above, 55 Once it is determined in operation 320 that the current 

UTI 206 may be used to perform any number of testing address is the last address in the memory, the method will 

methodologies, and in this example, a serial BIST test proceed to a decision operation 322 where it is determined 

methodology may be performed by coupling a serial BIST if the user/designer desires to test the current memory with 

controller 302 to the illustrated input/output pins to drive the another test pattern. If other test pattern testing is desired, the 

logic circuitry contained within UTI 206 during testing. For 60 method will proceed back through operations 310, 312, 314, 

ease of reference, table 2 below provides the exemplary 316, 318, 320, and then back to operation 322. When the 

wiring descriptions for performing a serial BIST when UTI number of desired test patterns have been run, the method 

206 is integrated into a desired integrated circuit application. will proceed to an operation 324, where it is determined if 

Although Un 206 may be integrated in any number of the user/designer desires to test other memories. If other 

integrated circuit applications, UTI 206 will find particular 65 memory testing is desired, the method will again proceed 

usefulness in application specific integrated circuits (ASICs) through operations 310, 312, 314, 316, 318, 320, 322 and 

of all types. 324 until all desired memories have been tested, and the 
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method will end. For another more detailed illustration of 
one exemplary serial BIST testing operation, reference may 
be made to Appendix A provided below. 

FIG. 4A is a detailed illustration of the preferred wiring 
interconnections that may be performed to implement UTI 
206 for scan testing in accordance with one embodiment of 
the present invention. In this example, a scan vector pattern 
is typically provided through a "scan in" node (e.g., the 
"scan in" node is typically connected to a pad on the ASIC 
chip) that leads into pin TAq. Therefore, pin TAq defines the 
effective "scan in" for the memory. Next, pin AQq is coupled 
to pin TAj. Pin AQj is coupled to a pin TA„_j. Pin AQ„_i 
is coupled to pin /TCE. Pin /CEQ is coupled to pin /TWE. 
Pin /WEQ is coupled to pin /TOE. Pin /OEQ is coupled to 
pin TDq. Pin DQo is coupled to pin TDj. Pin DQj is coupled 
to pin TD„_i. Finally, pin DQ„_^ defines the effective output 
of the scan chain that leads to a "scan out" pin. In general, 
inputs TIS, CK, and TM are driven in parallel during load 
and shift out cycles. Further, all mission mode inputs are 
driven in parallel during a functional cycle. 

As is well known in the art, the function of a scan test is 
not to test the actual memory core that is integrated to UTI 
206, but is to test the wire routing and chip logic preceding 
the core memory inputs and following the core memory 
outputs. In addition, all storage elements inside a particular 
application specific integrated circuit (ASIC) also typically 
have "scan in" and "scan out" pins that may also be serially 
chained to form one long uninterrupted scan chain which is 
used during the scan test operation. As shown in table 3 
below, the exemplary wiring description for a scan test is 
provided for ease of reference. 

TABLE 3 



SCAN TEST 
Exemplary Wiling Description 



CONTROLUED INPUTS: TA(0) TM, TIS, CK, A(0:in-1), CE_ WEu^ 
OE_, D(0:n-1) 

yiROBED OUTPUTS: DQ(n.l), Q(0:n.a) 

OTHER INPUTS: All inputs should be listed above or wired as shown 
below. 

OTHER OUTPUTS: All outputs should be listed above or wired as shown 
below. 

Connect serial ii^ut to TA(0), this input is the e&Eective "scan in** for the 
memory. 

Starting at AQ(0), connect AQ(i) to TA(i+l) continuing until TA(m-l). 
Connect AQ(m-l) to TCE_ 
Connect CEQ_to TWE_ 
Connect WEQ_to TOE_ 
Connect OEQ_to TD(0) 

Starting at DQ(0), connect DQ(i) to TD(i-i-l) continuing until TD(n-l) 

DQ(n-l) is the effective "scan out" pin for the memory. 

Inputs TIS, CK, TM are driven "in parallel" during load shift out cycles. 

AU mission mode ii^juts are driven "in parallel" during the functional 

cycle. 
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FIG. 4B is a flowchart illustrating the method operations 55 
that may be performed during a scan test implemented 
through im 206 in accordance with one embodiment of the 
present invention. The clock is "CK" pulsed for the entire 
scan test. The output enable pin "/OE" is set valid which 
enables only one memory at a time when the output bus is 60 
a shared bus. Also, test mode "TM** is set to "1*', which 
requires it to be high for the entire scan test. Once these 
parameters are set, the scan test method will begin at an 
operation 410 where a serial scan chain load cycle is 
performed for every scanned input until all scan inputs are 65 
serial scan chain loaded. In general, this operation loads the 
memory scan chain elements with data. 



Because scan element outputs are meant to supply stimu- 
lus to other elements in parallel during a functional phase 
(i.e., mission mode), the scan flip flops 212 are loaded with 
special values provided by a scan test controller (not shown). 
5 Once the load cycle in operation 410 is complete, the 
method will proceed to an operation 412 where a mission 
mode cycle is performed. By way of example, when the 
clock CK rises, all of the scan flip flops 212 will slave, and 
the stages will be overwritten. Further, the Q outputs will 
10 also disappear, and their special scan vector will have been 
captured by whatever storage elements are down stream of 
the Q outputs. 

Once the mission mode cycle is complete in operation 
412, the method will proceed to an operation 414 where a 
serial scan chain "shift out" cycle is performed for every 
scanned input. In general, the shift out operation generally 
verifies the functional cycle performed in operation 412. 
Once the shift out cycle has been performed for every 
scanned input in operation 414, the method will proceed to 
a decision operation 416 where it is determined if the 
user/designer desires to test the current memory with 
another data pattern. If it is determined that another data 
pattern will be implemented to test the current memory, the 
method will again proceed through operations 410, 412, 
25 414, and 416. 

When the user/designer no longer desires to test the 
current memory with additional data patterns, the method 
will proceed to decision operation 418 where it is deter- 
mined if another on-chip memory is to be tested. If scan 
testing is desired for additional on-chip memories, the 
method will proceed back through operations 410, 412, 414, 
416, and then back to operation 418. When the user/designer 
no longer desires to test other on-chip memories with a scan 
test, the method will end. For a more detailed illustration of 
the method operations that may be performed when carrying 
out a scan test in accordance with one embodiment of the 
present invention, reference may be made to Appendix B 
provided below. 

FIG. 5 A shows the exemplary interconnections performed 
to configure UTI 206 to perform a parallel testing method- 
ology with a parallel test controller 502 in accordance with 
one embodiment of the present invention. As shown, pins 
TAo, TA„ TA„_i, CK, TIS, /TCE, /TWE, TM, /TOE, TDq, 
TDj, and TD^^ are all driven as inputs from parallel test 
controller 502. In a like manner, pins Qq, Qj, and are 
all shown as outputs from UTI 206 leading to parallel test 
controller 502 where testing analysis may be performed. For 
more information on the exemplary wiring implemented for 
performing a parallel testing methodology with UTI 206, 
reference may be made to table 4 below which provides a 
more detailed exemplary wiring description. 

TABLE 4 

PARALLEL TEST/MUX ISOLATION 
Exemplary ^ing Description 

CONTROLLED INPUTS: TA(0:m-l), TCE_, TWE_ TOB_ TIS, 

CK, TM,TD(0:n-l) 
STROBED OUTPUTS: Q(0:n-1) 
OTHER INPUTS: ignored during parallel test 

OTHER OUTPUTS: ignored during parallel test 

Connect (test circuit or stimulus) to controlled inputs and strobed outputs 
above. 
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FIG, 5B is a flowchart illustrating the method operations 
that may be performed when implementing UTI 206 in a 
parallel test methodology in accordance with one embodi- 
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ment of the present invention. For a parallel test, pin TM is 
preferably set to "0," which indicates that the Q*s are not 
driven by the data scan flip flops 212. Pin TIS is set to "1," 
which indicates that the test inputs are selected for the entire 
parallel test. Further, CK is pulsed for the entire test. /TOE 
is set to "0" which enables the outputs of only the memory 
under test, all other memories or elements that share the bus 
with the memory must be disabled. Finally, /TCE is set to 
"0," which enables the selected memory for the entire test. 

Once the above parameters are set, the method begins at 
an operation 510 where a new memory test data pattern is 
provided by the parallel test controller 502 of FIG. 5A. After 
the memory test data pattern has been provided, the method 
will proceed to an operation 512 where the memory is 
written directly by stimulating controlled inputs bit for bit 
for every address location in the memory under test. After 
the memory has been written bit for bit for every address 
location in operation 512, the method will proceed to an 
operation 514 where the memory is read directly by stimu- 
lating controlled inputs and strobing outputs bit for bit for 
every address location. The strobing therefore checks the 
memory contents that were previously written in operation 
512. Once the memory has been read bit for bit for every 
address location in operation 514, the method will proceed 
to a decision operation 516 where it is determined if the 
user/designer desired to test the current memory with 
another data pattern. 

If it is determined that testing is desired with another data 
pattern, the method will revert back to operation 510 where 
the memory is provided with a new test data pattern. Once 
the new test data pattern has been provided in operation 510, 
the method will proceed through operations 512, 514, and 
then back to operation 516. When the user/designer no 
longer desires to test the current memory with further data 
patterns, the method will proceed to a decision operation 518 
where it is determined if the user/designer desires to test 
another on-chip memory with the parallel testing method- 
ology. If testing other on-chip memories with the parallel 
test methodology is desired in operation 518, the method 
will proceed through operations 510, 512, 514, 516, and then 
back to 518. When the user/designer no longer desires to test 
additional on-chip memories, or no on-chip memories 
remain to be tested, the method for parallel testing method- 
ology will end. For a more detailed example of a parallel 
testing methodology, reference may be made to Appendix C 
provided below. 

In yet anther embodiment, the parallel test methodology 
described with reference to the flowchart of FIG. 5B may 
also be used to perform a "parallel BIST" testing 
methodology, provided that the controlling and strobing is 
performed by on-chip circuitry that is external to UTI 206, 

FIG. 6A shows the exemplary wiring configuration of 
UTI 206 for conducting a serial test when coupled to a serial 
test controller 602 in accordance with one embodiment of 
the present invention. In this example, pins TAq, CK, TIS, 
/TCE, /TWE, TM, /TOE, and /OE are all provided as inputs 
into UTI 206 from the serial test controller 602. Further, to 
perform a serial test methodology with UTI 206, pin AQq is 
coupled to pin TA^. Pin AQ^ is coupled up to pin TA^.^. Pin 
AQ„_i is coupled to TDq. Pin is coupled to TD^. Qj is 
coupled up to pin TD„_^, and Q„,i is the output provided by 
UTI 206 leading to serial test controller 602. For a more 
detailed description of the exemplary wiring of UTI 206, 
reference may be made to table 5 below. 
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TABLES 



SERIAL TEST 
^ Exemplary \A(^ing Description 

CX)NTROLLED INPUTS: TA(0), TCE_, TWE_. TOE_, 0E_. TIS, 
CK,TM 

STROBED OUTPUTS: Q(n-l) - just the last bit 
OTHER INPUTS: ignored during serial test 

OTHER OUTPUTS: ignored duflng serial test 

10 Connect serial input (test circuit or stimulus) to TA(0). 

Starting at AO(0), connect AQ(i) to TA(i+l), continuing until TA(m-l). 
Connect AQ(m-l) to TD(0). 

Starting at Q(0), connect Q(i) to TD(i+l), continuing until TD(n-l). 
TA(0) is the effective serial address and data input 
Q(n-l) is the effective serial output (test circuit or strobe point). 
15 Inputs TCE_ TWE_, TOE_ OE__, TIS, TM, and CK are controlled "in 
parallel" 



FIG. 6B is a flowchart illustrating the method operations 
that may be implemented when VTl 206 is used for serial 

20 testing methodologies in accordance with one embodiment 
of the present invention. Initially, pin TIS is set to "1," which 
requires the test inputs to be selected for the entire serial test. 
CK is pulsed for the entire serial test. Finally, output enable 
"/OE" is set to "0," which enables only the current memory 

25 under test to be tested for the serial test when the Q bus is 
a shared bus (e.g., all other elements that share bus must be 
disabled). 

In this embodiment, the serial test begins at an operation 
610 where a serial load of write data and address location is 

30 performed into the im address and data flip flops. After the 
write data and address has been loaded during operation 610, 
the memory location specified by the address, that has been 
shifted in, is written during an operation 612. The method 
then proceeds to a decision operation 614 where it is 

35 determined is the entire memory contains valid data. If the 
memory is fiill, the method will proceed to a read phase that 
includes operations 616, 618 and 620 as will be described 
below. 

On the other hand, if the memory is not full, the method 
40 will proceed back through operations 610 and 612, and then 
back to operation 614. Once the write phase is complete, the 
method will proceed to the read phase. Initially, the read 
phase begins at an operation 616 where the read address 
location is shifted into the UTI 206 address flip flops 212. 
45 The method then proceeds to an operation 618 where the 
data from the location specified by the address location, and 
loaded into the address flip flops, is read and loaded into the 
Un 206 data flip flops 212. After the UTI 206 flip flops 212 
are loaded with the memory read data, a serial shift opera- 
50 tion is performed at an operation 620 to check the memory 
contents. 

The method then proceeds to an operation 622 where it is 
determined if all address locations in the memory have been 
read. Therefore, if the entire memory has been read, the 

55 method will proceed to an operation 624, where it is 
determined if the user/designer desires to test with further 
memory patterns. On the other hand, if it is determined in 
operation 622 that there are more addresses to be read, the 
method will proceed back through operations 616, 618, and 

60 620. Referring back to operation 624, if it was determined 
that testing with further patterns was desired, the method 
will proceed back through operations 610, 612, 614, 616, 
618, 620, 622, and then back to 624. Once all desired 
patterns have been run, the method will proceed to an 

65 operation 624 where it is determined if the user/designer 
desires to lest other on-chip memories with the serial test. If 
the user/designer does desire to test other on-chip memories. 
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the method will again proceed through operatioiis 610, 612, as described above with respect to the pipelined operation of 

614, 616, 618, 620, 622, 624 and then back to 626. When no FIG. 8. Therefore, the DQ pin of UTI 206 may be redundant 

further on-chip memory testing is desired, the method will for certain tests, and may be removed if desired, 

end. For a more detailed example of a serial test performed piG. 10 is a general logic diagram iUustrating a universal 
using Un 206, reference may be made to y^pendix D 5 test interface 1006 in accordance with yet another alternative 

provided below. embodiment of the present invention. In this embodiment, 

FIG. 7 is a flowchart 700 illustrating the method opera- UTI 1006 enables testing in both a pipeline operation as 

tions that may be implemented to integrate the universal test described with reference to FIG, 8, as well as testing under 

interface into a semiconductor chip in accordance with one a dedicated test output as described with respect to FIG. 9. 
embodiment of the present invention. The method begins at 10 Accordingly, it should be appreciated that UTI 1006 pro- 

an operation 702 where a designer selects a memory device vides a powerful testing interface that is modular enough to 

to be integrated into a semiconductor device. By way of performamultitudeof testing methodologies while reducing 

example, the semiconductor device may be in the form of an the amount of space needed to layout the test interface, 

application specific integrated circuit (ASIC), or any other FIG. 11 is a general logic diagram iUustrating a universal 
integrated circuit design. Next, the method proceeds to is j^^^ interface 1106 in accordance with still another altema- 

operation 704 where a programmable interface (e.g., UTI tive embodiment of the present invention. In this 

206) may be integrated to the selected memory device. Once embodiment, UTI 1106 is used for testing a register file 

mtegrated, the method proceeds to an operation 706 where memory. However, it should be understood that UTI 1106 

the programmable interface is configured in accordance with ^ay be used for testing any type of memory having dedi- 

one or more selected test modes. As described above, the 20 ^^^^^ ^^^^ ^^^^ ^^^^ of example, the UTI 1106 

selected test modes may include, but are not limited to, a ^ implemented for a register file with dedicated read ports, 

serial built-in-self-test (BIST), a paraUel BIST, a paraUel and therefore the read ports have independent clodc and 

test, a serial test and a scan test. address inputs. 

The method then proceeds to an operation 708 where the Therefore, the read port must have a data serial input pin 

selected memory having the configured interface is inte- ^5 ^^j^^ ^ ^^^^ ^^^^ ^^^^ following 

grated into a semiconductor device. Once integrated, the examples, new pin names have been assigned to the various 

semiconductor device may be packaged and subsequently input/output pins of the UTI 1106, however, the correspond- 

tested by way of one or more input/output pads leadmg to pin names associated with UTI 206 have been provided 

internal logic circuitry designed on the semiconductor in parenthesis for ease of reference, 
device 

* FIG. 12 is a general logic diagram illustrating a universal 

HG. 8 is a general logic diagram for a pipeline universal test interface 1206 in accordance with still yet another 

test interface 806 in accordance with one alternative alternative embodiment of the present invention. In this 

embodunent of the present mvention. In this embodiment, embodiment, UTI 1206 is used for testing a register file 

for those desiring to achieve fast access time with respect to ^^^^^ having dedicated write ports, and therefore, the 

the clock signal, flip flops may be placed immediately after ^rite ports have independent clock and address inputs, 

the core memory output. In this manner, the flip flop Preferably, the write ports include a method for loading the 

registers will provide data from a read or write operation flip flops on the output bus with serial data, from the other 

soon after the clock pulse, following the pulse in which the flip flop^ in the scan chain 

operation wastriggpred-Aocordin^y, the memory outputs in iUustrate the univeisality of UTI 1106 and 1206. the 

this embodmient are advantageously accessed with only one following description will illustrate exemplary memory test- 

^ ^' ing methodologies that may be implemented in accordance 

With only minor modifications to UTI 206, the UTI 806 ^ith one embodiment of the present invention. For example, 

may be optimized to update the memory outputs in a the UTI may be configured for serial BIST by wiring 

pipelined fashion, while only experiencing one clock cycle between read and write ports, such that TD on the read port 

of latency. To save area and lower performance impact, the ^ay be obtained from the Q output bus on the write port, 

pipeline stage (i.e., also called register stage) flip flops may Accordingly, during a serial BIST test, the read and write 

be embedded into the UTI 806 as shown. ^^^^ ^ay receive the same address and clock stimulus. For 

Furthermore, the pipeline stage flip flops may have their scan testing, the read and write ports are preferably not 
inputs multiplexed between the effective data input or the 50 chained together in any way. Therefore, the serial scan 

core memory output. With this input multiplexing feature, chains and clocking of those scan chains may be completely 

the UTI 806 pipeline flip flop may be advantageously independent. For parallel testing, write cycles are enabled 

re-used to perform serial operations, such as, for example, through the write port test inputs, and read cycles are 

scan and serial test load and shift out, as weU as parallel and enabled and evaluated through the read port test input and 
mission mode operations. 55 outputs. And for serial testing, write cycles are enabled 

FIG. 9 is a general logic diagram for a dedicated test through the write port serial chain, and read cycles are 

output universal test interface 906 in accordance with enabled and evaluated through the read port serial chain, 

another alternative embodiment of the present invention. In The following Figures and Tables will now be discussed 

this embodiment, in order to achieve independence of a chip to further exemplify the true modularity and ease of inte- 
test output bus and mission mode output bus, a dedicated test 60 gration of the universal test interface to any type of memory 

output bus, TQ, may be added to UTI 906 as shown. For device. Therefore, exemplary UTI circuit diagrams and 

example, TQ may have its own Instate enable input pin, associated wiring configurations are shown to illustrate ways 

/TQOE. However, it should be understood that /TQOE is not in which the UTI pins can be interconnected to achieve a 

part of the scan chain since it is not a mission mode signal. desired test methodology arrangement. Although in some 

In this embodiment, the output bus tristate buffer 908 may 65 instances a few custom logic gates are exteraaUy connected 

follow a flip flop that may have its input multiplexed to the UTI pins in order to achieve a desired test 

between the effective data input or the core memory output, methodology, the number of custom gates needed is minimal 
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compaFed to those that would be required had the UH not 
been provided as an interface. 

For register file memories, the pin description provided in 
Table 6 may be referenced in conjunction with reference to 
FIGS. 13 through 31, 



TABLE 6 

Regjstef File Pins 



Pin 


Description 


AA{m-l:01 AB[m~l:0] 


Address 


TAA(m-l:0], TAB[m-l:0] 


Test- Mode Addresses 


ASQAlm-l:OJ, ASQBlm-l:OJ 


Address Scan- Register Outputs 


QA]n-l:0] 


Data Output Bus 


TQAln-l:0] 


Tbst-Mode Data Output Bus 


QSQA 


Data Ou^ut Scan-Register Ou^ut 


DB[n-lrf)] 


Data Input Bus 


TDB[n-lK)] 


Test-Mode Data Input Bus 


DSIB 


Data Scan-Chain Input 


DSOB 


Data Scan-Chain Output 


CENA, CENB 


Chip Enables (Active Low) 


TCENA, TCENB 


Ibst-Mode Chip Enables 




(Active Low) 


CSNSQB 


Chip Enable Scan-Register Ou^3ut 


CLKA, CLKB 


Qock Inputs 


OENA 


Output Drive Enable (Active Low) 


TOENA 


Test- Mode Output Drive Enable 




(Active Low) 


OENSQA 


Output Enable Scan-Register 




Output 


TQOENA 


Test Data Output Dirve Enable 




(Acitvc Low) 


SMBS 


Serial Mode Select 


TTSA, TISB 


Ibst Input Selects 


TMSA, TMSB 


Tbst Mode Selects 


TASA 


Ibst Address Select 


(Read Port With Pipeline Only) 




PENA 


Pipeline Enable 


(Read Port With Pipeline Only) 



FIG. 13 is a two-port register file circuit diagram of the 
UTI where a non-pipeline configuration is desired. 
Specifically, FIG. 13 shows a basic circuit diagram before 
any wiring or logic gates are interconnected to interface pins 
to the UTI. FIG. 14 shows the circuit diagram of the UTI 
after custom logic and wiring has been added in order to 
make the UTI capable of executing both scan test mode and 
a serial test mode methodologies. FIG. 15 shows a circuit 
diagram in which certain pins of the UTI have been inter- 
connected in order to enable testing under a serial test mode 
methodology. 
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Table 7 below provides a list of the test procedure 
conventions and definitions that should be referenced when 
reviewing the truth tables of Tables 8-10. 



5 TABLE 7 



Ibst Procedure Convention For Thith TVibles 


Convention 


Definition 


1 


Clock signal: pulsed wavefonn 




All other input signals: DC high waveform 


0 


DC low waveform 


X 


Unknown, don't care 



Table 8 as shown below should be referenced in conjunc- 
tion with FIGS. 16 through 21, which illustrate two-port 
register file UTI's that are write-port enabled. 

TABLE 8 
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Thith "Dible 
fWiftff fprt) 

Effective Data & 
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Effective 


Data Flio-Floo Innut 


TKB 


SMSB 


Address 


DB[0] 


DB[il I > 0 


0 


0 


AB 


DB[0] 


DBli] 


0 


1 


AB 


DSIB 


D[I-1] FF output 


1 


0 


TAB 


TDB[0] 


TDB[i] 


1 


1 


TAB 


DSIB 


D[i-a] FF output 



FIG. 16 shows a simplified circuit diagram of a UTI that 
is configured to operate for two-port register file memories, 
which are write-port enabled. FIG. 17 shows the write-port 
UTI of FIG. 16 after custom wiring is performed to enable 
serial test mode functionalities. FIG. 18 shows the write-port 
UTI of FIG. 16 after being wired with appropriate logic 
gates (i.e., multiplexors) to enable both scan test mode and 
serial test mode methodologies. FIG. 19 shows the write- 
port Un after being wired to enable parallel test mode 
operations. FIG. 20 shows the write-port UTI after being 
wired to enable serial test mode operations. FIG. 21 shows 
the write-port UTI after being wired to enable serial BIST 
mode operations. 

Table 9 as shown below should be referenced in conjunc- 
tion with FIGS. 22 through 31, which illustrate two-port 
register file UTI's that are read-port enabled. 



TABLE 9 



Truth T^ble 
(Read Port Without Pipelined 



Effective QA Data Flip-Flop Input 



TISA TMSA 


TOENA 


OENA 


Address 


[n-l:0] 


QA(0] 


Qlil i > 0 


0 0 


X 


0 


AA 


active 


QiAlO] 


QiA(i] 


0 0 


X 


1 


AA 


hi-Z 


QiA[0] 


QiA(i] 


0 1 


X 


X 


AA 


hi-Z 


CENAFF 


QAli-1] 












output 


FF 














output 


1 0 


0 


X 


TAA 


active 


QiA[0] 


QiA[i] 


1 0 


1 


X 


TAA 


hi-Z 


QiAlO] 


OiAli] 


1 1 


X 


X 


TAA 


hi-Z 


CENAFF 


OA[i.] 












output 


FF 














output 
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FIG. 22 shows the circuitry of the universal test interface 
(Un) ananged as a general read-port UTI for two-port 
register file memories. FIG. 23 shows the read-port UTI of 
FIG. 22 after custom logic 810 is provided to enable 
memory updates. In addition, the read-port of FIG. 23 is also 5 
able to provide stall capabilities. FIG. 24 shows a read -port 
UTI arranged without pipeline capabilities and being wired 
to enable parallel test mode operation, FIG. 25 shows a 
read-port UTI without pipeline capabilities, and being wired 
to enable scan test operations. The read-port of FIG. 25 also lo 
includes a custom gate that has pins TMSA and OENA as 
inputs and an output that leads into pin TQOENA. FIG. 26 
shows a read-port UTI without pipeline capabilities and 
being wired to enable serial BIST mode operation, 

TABLE 10 



Truth TViblc 
(Read Port With Pipeline) 



nSA/ EflGective QA Data Flip-Flop Input 



TASA 


TMSA 


TOENA 


OENA 


Address 


[n-l:0] 


OA[0] 


Q[il i > 0 


0 


0 


X 


0 


AA 


active 


QiA(0] 


QiA(i] 


0 


0 


X 


1 


AA 


hi-Z 


QiAlO] 


QiA[i] 


0 


1 


X 


0 


AA 


active 


CENA FF output 


QA[i-l] FF 
output 


0 


1 


X 


1 


AA 


hi-Z 


CENA FF output 


QA[i-l] FF 
output 


1 


0 


0 


X 


TAA 


active 


QiAlOJ 


QiAli] 


1 


0 


1 


X 


TAA 


hi-Z 


QiAlO] 


QiA[i] 


1 


1 


X 


0 


TAA 


active 


CENA FF output 


QA[i-l] FF 
output 


1 


1 


X 


1 


TAA 


hi-Z 


CENA FF output 


QA[i-l] FF 
ouQinit 



FIGS. 27 through 31 show examples of a read -port UTI 
that is pipeline enabled. FIG. 27 shows a read-port UTI that 
is wired to enable both scan test mode and serial test mode 
operation. FIG. 28 shows a read-port UTI that is wired to 
enable serial test mode operations. FIG. 29 shows a read- 
port UTI that is wired to enable parallel test mode operation. 
FIG. 30 shows a read-port UTI that is wired to enable scan 
test mode operation, and FIG. 31 shows a read-port UTI that 
is wired to enable serial BIST test mode operation. 

FIGS. 32 through 37 show examples of N-port UTI's (i.e., 
where N can be any number of ports) that are configured for 
SRAM memories. FIG. 32 shows a single-port SRAM UTI 
having pipeline capabilities. FIG. 33 shows a single-port 
SRAM UTI without pipeline capabilities. FIG. 34 shows a 
single-port SRAM UTI without pipeline capabilities and 
being wired to enable serial test mode operation. FIG. 35 
shows a single-port SRAM UTI without pipeline capabilities 
and being wired to enable parallel test mode operation. FIG. 
36 shows a single-port SRAM UTI without pipeline capa- 
bilities and being wired to enable serial BIST mode opera- 
tion. Finally, FIG. 37 shows a single port SRAM UTI 
without pipeline capabilities and being wired to enable scan 
test mode operation. 

From the above provided examples, one skilled in the art 
should appreciated that the universal test interface is truly a 
modular interface that may be integrated into any memory 
device and, easily programmed to perform the type of testing 
methodologies desired by the user/designer. Further, when 
the universal test interface of the present invention is com- 
pactly integrated as part of a memory device, such as, for 65 
example, those made using Process-Perfect''" memory gen- 
erators designed by Artisan Components, Inc. of California, 



the user/designer may simply interconnect the UTI's input/ 
output pins in a cost effective manner that enables rapid 
product design cycles. In addition, when UTI 206 is inte- 
grated to a memory core, drastic savings in core logic area 
may be achieved, thereby enabling more densely integrated 
and more compact high performance applications. Stilt 
further, the various UTI concepts, methods, and sub-circuits 
may easily be re-configured to provide a flexible test inter- 
face to any type of embedded circuit macro. 

Although the foregoing invention has been described in 
some detail for purposes of clarity of understanding, it will 
be apparent that certain changes and modifications may be 
practiced within the scope of the appended claims. In 
particular circumstances, the various embodiments of the 
universal test interface may be implemented for any bus 
oriented embedded block, including, but not limited to 
memories, processors, controllers, etc. It should therefore be 
understood that the various circuit diagrams may be embod- 
ied in any form which may include, for example, any 
suitable semiconductor substrate, printed circuit board, 
packaged integrated circuit, or software implementation. By 
way of example, hardware description language (HDL) 
design and synthesis programs, such as, VHDL® hardware 
description language available from IEEE of New York, 
N.Y. may be implemented to design the silicon-level layouts. 
Accordingly, the present embodiments are to be considered 
as illustrative and not restrictive, and the invention is not to 
be limited to the details given herein, but may be modified 
within the scope and equivalents of the appended claims. 
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DEFINITIONS 

APPLICABLE FOR TESTS OF APPENDICES "A THROUGH D" 



In one embodiment, for any stimulus of CONTROLLED INPUTS that do not change 
during a particular test, the input is simply tied high or tied low according to the test 
description. In another embodiment, the test controller may maintain the 
CONTROLLED INPUT in DC high or DC low during the particular tesL 
"vector" means: send a test vector, i.e., pulse the memory clock (CK) and provide 
appropriate setup and hold conditions on all other inputs. 

"1" implies a DC high, and "0" implies a DC low wavefonn for all inputs, except CK. 
For CK, "1" implies a pulsed waveform, "O** implies a DC low. 
For the purpose of clarity and consistency, an "active loV* signal for all pins and signals 
described in this entire patent document shall have the following equivalent naming 
conventions: Eg., "/XX'' "XX_" and "XXN" 

Q(xx) values are checked or *'strobed" after the access time following a CK rise. 
Stimulus and Q(xx) compare values are repeated unless shown otherwise. 
mem@A_w = the value of the word stored at the location called by address A(w). 
m ■ number of address bits, a full address is referred to as A(0:m-1) 

n = number of data bits, data word is referred to as D(0:n-1) 

w = number of words 



APPENDIX A 



APPENDIX A-continued 



SERLM. BIST 
Simulated or Real Stimulus & 
Expected Response to and from the UTI 



TM ° 0 # Q's are not driven by the data scan flip flop ou^tit 

TIS = 1 # Test inputs are selected for the entire test 

CK » 1 # Clock is pulsed for the entire test 

TOE_ = 0 # Enable the outputs of only the memory under test 

TCE_ "0 # Enable memory operation for the entire test 

# 1 WRITE: load the memory with background data 
Q(n-1) - don't care 

TWE_ - 0 # Write memory 

For i - 0 to (w-1) { 
TA(0:m-l) = 1 # Drive location for write 
For j - 0 to (nl) { 
TD(0) « 0 # Drive data to a low vahie for write 
vector 
} 

} 

# 2 READ AND OVERWRITE: check the background data and 
put new data in. 

For i - 0 to (w-1) { 
TA(0:m-l) -* 1 # Drive location for read and write 

For j - 0 to (n-1) { 
TWE__ - 1 # Read memory 

Q(n-l) "0 # Check the MSB of the read data word 

TD(0) - X # Data input is ignored during a read vector 

TWIL. = 0 # Write memory 

TD(0) -1 # Drive data to a high value for write 
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SERL\L BIST 
Simulated or Real Stimulus & 
Expected Response to and from the UTI 



Q(n-1) = don't care 



vector 
} 

} 

# 3 FINAL READ: check the most recent data 
25 TWE_ - 1 # Read memory 

For i = 0 to (w-1) { 
TA(0:m— 1) « 1 # Drive location for read 

TWE_ - 1 # Read memory 

Q(n-l) - 1 # Check the MSB of the read data word 

40 TD(0) » X # Data input is ignored during a read 

For j - 0 to (n-1) { 
vector 

} 

) 

^5 # Repeat #1 and #2 as desired for difierent data patterns. 

# Repeat entire serial BIST test for all memories if desired. 



APPENDIX B 



SCAN TEST 
Simulated or Real Stimulus & 
Expected Response to and from the UTI 

CK >1 # Clock is pulsed for the entire scan test 

0E_ ^alid # Enable only one memory at a time when Q bus is shared 

TM -1 # Ibst Mode must be high for entire scan test 

#1 LOAD CYCLES: 

Load the memory scan chain elements with data. Since scan element outputs are 
meant to supply stimulus to other elements in parallel during the functional phase, we 
must prepare by loading the data scan flip flops with special values determined by a 
scan test controller. 

Q(n-1) - don't care 

A(0:m>l) « X # mission mode inputs ignored when TTS high 
CE_ > X # mission mode ignored when TIS high 
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APPENDIX B-continued 



SCAN TEST 
Simulated or Real Stimulus & 
Expected Response to and from the UTI 



WE. « X # mission mode inputs ignored when TTS high 
D(0:n-1) - X # mission mode inputs ignored when TIS high 
TIS - 1 # Tbst inputs are selected Cor the load part of scan test. 



For i « (tt-l) to 0 { 
TA(0) - Q(0 



#Load bit i of special scan vector that will drive 
(n-1) 



vector 

For i - 0 to (m+3) 
TA(0) - X 
vector 



{ # "push" the Q scan vector to the data scan flip flops 
# 'niese bits will be never be used. 



} 



#2 FUNCTIONAL CYCLE: 

When the clock rises, all the input scan flip flop slave, and the stages will be over- 
written. This hai^ens in parallel, whatever is on the chip drives that input during 
mission mode. The Q ou^uts will also disappear, their special scan vector will have 
been captured by whatever storage elements are downstream of the memory Q 
ou^uts. 

A(0:m-1) = valid # for simulation use sample data 
CE_ - valid # for simulation use sample data 
WE_ - valid # for simulation use sample data 
D(0:n-1) - valid # for simulation use san:q)le data 
TA(0) - X # scan iiiput ignored 

TIS ■> 0 # must go from serial (test) input to parallel user input 
vector 

#3 SraFT OUT CYCLES: 

The shift out cycles verify the functional cycle of step #2. 

A(0:m-1) » X # mission mode inputs ignored when TTS high 

CE e X 4f mission mode inputs ignored when TIS high 

WE__ "X # mission mode inputs ignored when TTS high 
D(0:n-1) * X # mission mode inputs ignored when TIS high 
TIS > 1 # Tbst inputs are selected for the shift out part of scan 
test. 

For i • 0 to (m+n+3) { ^hifl scan result vector out of the data scan flip 
flops 

TA(0) - X # These bits will be never be used. 

Q(0:n-2) - don't care # Not interested in parallel output 
Q(n-l) B valid # Check serial output matches parallel 

input of 2 

vector 



Q(n-l) = don't care 



} 



Note: In a simplified example, all high values may be loaded in step #1, all low values 

loaded in step #2 and checked in step #3. 

# Repeat entu-e test for any number of different data patterns if desired. 
#Repeat entire test for all memories if desired. 
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APPENDIX C 



PARALLEL TEST/MUX ISOLAHON 

Simulated or Real Stimulus & 
Expected Response to and from the UTI 



TM - 0 # Q's are not driven by the data scan flip flop output 
TIS - 1 #Tb$t inputs are selected for the entire parallel test 
CK - 1 # Gock is pulsed for the entire parallel test 
TOE_ - 0 # Enable the outputs of only the memory under test 
TCE_ = 0 # Enable memory for the entire test 
# 1 WRITE: load the memory with data 
Q(n-l) - don't care 
TWE_ - 0 # Write memory 

For i - 0 to (w-1) { 
TA(0:m-l) - w # Drive location for write 
TD(0:n-l) » valid # Drive san^le data for write 
vector 

} 
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APPENDIX C-continued 



PARALLEL "reST/MUX KOLAXION 

Simulated or Real Stimulus & 
Expected Response to and from the UTI 



# 2 READ: Check memory contents 
TWE_ - 1 
For i - 0 to (w-1) { 
TA(0:m-l) - w 

O(0:n-1) - mem@A_w(0:n-l) 



# Read memory 

# Drive location for read 

# Check the MSB of the read 
data word 



vector 

} 

Q(n-l) - don't care 

# Repeat 1 and 2 as desired for diflerent data patterns. 

# Repeat entire parallel test for all memories if desired. 
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SERIAL TEST 
Simulated or Real stimulus & 
Expected Rei^onse to and £rom the UTI 



ITS ■ 1 # Ibst inputs are selected for the entire serial test 

CK - 1 # Cock is pulsed for the entire serial test 

0E_ "0 # Enable only the memory under test if Q bus is shared 

# 1 WRITE: load the memory with data 
Q(n-l) " don't care 

TM - 1 # Q's are driven by the data scan flip flop ou^}ut 
TOE_ • X # TM will over-ride TOE_ when TM is high 
For i « 0 to (w-1) { 

# 1.1 WRITE SERIAL LOAD: Load the scan flip flops in preparation for 
a write 

TCE_, = X # Core memory does not have to be enabled 
TWE__ - 1 # If TCE_ is low, we want to ensure core is not written 
#DArA SERIAL LOAD 

# Load D(0:n-1) into the serial fl^ flop chain 
For j « (n-1) to 0 { 

TA(0) o DO*) # Load bit j of data word D(0:n-1) 
vector 

} 

#ADDRESS SERIAL LOAD 

# Load every address bit but A(0) into the flip flop chain 
For j - (m-1) to 1 { 

TA(0) - A(i) # Load bit j of address A(w) of location w 
vector 

} 

#1.2 WRITE CYCLE: Write memory location addressed by A(w) with 
data 

TCE_ = 0 # Core memory must by enabled 
TWE_ = 0 # We arc doing a write 
TA(0) = A(0) # Dirve bit 0 of address A(w) 
vector 

} 

# 2 READ: Check memory contents 
TWE_ = 1 # Do not write 

For i = 0 to (w-1) { 

U 2.1 READ ADDRESS SERIAL LOAD: Load the address scan flip flops 

for a read 

TCE_ - X # Core memory does not have to be enabled 

TM - X # Q's are ignored during read address load 

For j - (m-2) to 0 { 

TA(0) - A(i) # Load bit j of address A(w) of location w 

vector 

} 

# 2.2 READ CYCLE: Read memory location addressed by A(w) with data 
TOE_ = 0 # Core memory output must be enabled 
TCE_ = 0 # Core memory operation must be enabled 
TM "0 # Q's are driven by core memory 

TA(0) - A(0) # Drive bit 0 of address A(w) 

Q(n-l) o mem@A„w(n-l) # Check the MSB of the read data word 

vector 

# 2.3 READ DATA SHIFT OUT: Shift out the rest of the word 
mem@A_w 

TOE_«» X # Core memory output does not have to be enabled 
TCE_* X # Core memory operation does not have to be enabled 
TA(0) - X # Address does not matter any more 
TM - 1 # Q's are driven by data scan flip flops 

For j - (n2) to 0 { 

Q(n-l) - mem@A^w(i) # Check the rest of the read data word 

vector 

} 

} 

Q(n-l) - don't care 

# Repeat 1 and 2 as desired for difierent data patterns. 

# Repeat entire serial test for all memories if desired. 



What is claimed is: 

1. A programmable memory test interface for testing a 
memory device, comprising: 

a plurality of programmable input pins and output pins; 

logic component means for interfacing the plurality of 
programmable input pins and output pins to the 
memory device, the logic component means is capable 
of being configured in accordance with one or more 
memory testing methodologies, and the configuring is 
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accomplished by interconnecting selected ones of the 
plurality of programmable input pins and output pins; 
and 

a plurality of memory interfacing pins that connect the 
logic component means to the memory device. 

2. A programmable memory test interface for testing a 
memory device as recited in claim 1, wherein the selected 
ones of the programmable input pins and output pins are 
interconnected to a test controller that is configured to drive 
the logic circuitry in the one or more memory testing 
methodologies. 

3. A programmable memory test interface for testing a 
memory device as recited in claim 2, wherein the one or 
more memory testing methodologies are selected from the 
group consisting of a serial built-in-self -test (BIST), a par- 
allel built-in-self-test (BIST), a parallel test, a serial test, and 
a scan test. 

4. A programmable memory test interface for testing a 
memory device as recited in claim 3, wherein the logic 
component means includes a plurality of logic multiplexors 
that are connected to some of the plurality of programmable 
input pins and output pins. 

5. A programmable memory test interface for testing a 
memory device as recited in claim 4, wherein the logic 
component means includes a plurality of flip flops that are 
connected to some of the plurality of programmable input 
pins and output pins. 

6. A programmable memory test interface for testing a 
memory device as recited in claim 5, wherein the plurality 
of flip flops enable the logic component means to run the 
scan test. 

7. A programmable memory test interface for testing a 
memory device as recited in claim 2, wherein the logic 
component means is capable of operating in one of a 
non-pipeUne mode and a pipeline mode. 

8. A programmable memory test interface for testing a 
memory device as recited in claim 7, wherein the logic 
component means is configured for one of a write-port and 
a read-port register file memory. 

9. A programmable memory test interface for testing a 
memory device as recited in claim 2, wherein the memory 
device is an N-port SRAM memory. 

10. A programmable memory test interface for testing a 
memory device as recited in claim 9, wherein the logic 
component means is configured for one of a non-pipeline 
mode and a pipeline mode. 

11. A programmable memory test interface for testing a 
memory device as recited in claim 1, wherein the logic 
component means is integrated with the memory device in 

5Q a semiconductor chip. 

12. A programmable memory test interface, comprising: 
logic circuitry configured to be integrated to a memory 

device, the memory device having a plurality of receiv- 
ing connections that are configured to be coupled to a 
plurality of internal connections of the logic circuitry; 
a plurality of programmable input pins and output pins 
leading to and from the logic circuitry, the program- 
mable input pins and output pins are configured to 
receive control driving signals from external wiring 
that connects to selected ones of the programmable 
input pins and output pins that enable operating the 
memory device in one of a test mode and a mission 
mode; and 

wherein the programmable input pins and output pins are 
selectively interconnected to transform the logic cir- 
cuitry into at least one type of memory testing meth- 
odology interface that enables testing the memory 
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device when operating in the test mode and operating 25. A programmable memory test interface for testing a 

the memory device in a non-test mode when in the memory device as recited in claim 24, wherein the plurality 

mission mode. of flip flops enable the logic interfacing means to run the 

13. A programmable memory test interface as recited in scan test. 

claim 12, wherein the at least one type of memory testing 5 26. A programmable memory test interface for testing a 

methodology interface is selected from the group consisting memory device as recited in claim 22, wherein the logic 

of a serial built-io-self-test, a parallel built-in-self-test, a interfacing means is configured to operate in one of a 

parallel test, a serial test, and a scan test. non-pipeline mode and a pipeline mode. 

14. A programmable memory test mterface as reated m 27. A programmable memory test interface for testing a 
clam. 13 wherem the logic circuitry includes a plurahty of lO ^ ^^^^^ ^ ^^^^^^ ^^^^ 26, wherein the memory 
logic multiplexors connected to some of the plurahty of » ai- 

® ui • * ■ J 4_ * • device is a register iile. 

programmable mput pms and output pins. ^« * * . 

15. A programmable memory test interface as recited in ^8. A programmable memory test mterface for testmg a 
claim 13, wherein the logic circuitry includes a plurality of ^^"^^"^ Ttat^d in claim 27, wherein the register 
flip flops comiected to some of the plurality of program- i5 ^ ^^^^^^^^ '^^'^ and a dedicated write 
mable input pins and output pins. port memory device^ . ^ . 

16. A programmable memory test interface as redted in ^ programmable memory test mterface for testmg a 
claim 12, wherein the memory device and the logic circuitry ^^^^^f ^ '^^ff"^ ^^^"^ ^2, wherem the memory 
is integrated onto a semiconductor chip. ^^^^f f ^-port SRAM memory. 

17. A programmable memory test interface as recited in 20 ^ ^^^g a memory generator to make a 
claim 12, wherein the logic circuitry is configured to operate ^^^^ °° ^ semiconductor chip, the method corn- 
in one of a non-pipeline mode and a pipeline mode. pnsing. 

18. A programmable memory test interface as recited in integrating interface logic circuitry to the memory core, 
claim 17, wherein the memory device is a register file. the interface logic circuitry having a plurality of 

19. A programmable memory test interface as recited in 25 memory core pins that connect to the memory core, the 
claim 18, wherein the register file has one of a dedicated read interface logic also includes a plurality of input pins 
port and a dedicated write port memory device. output pins; and 

20. A programmable memory test interface as recited in interconnecting some of the plurality of input pins and 
claim 12, wherein the memory device is an N-port SRAM output pins to convert the programmable memory test- 
memory. 30 ing interface into at least one memory methodology 

21. A programmable memory test interface as recited in tester that is selected from the group consisting of a 
claim 12, further comprising: serial built-in-self -test, a parallel built-in-self-test, a 

logic means being connected to one or more of the parallel test, a serial test, and a scan test, the plurality 

plurality of programmable input pins and output pins, of input pins and output pins that are capable of being 

the logic means is provided for enabling operation of a 35 interconnected are further capable of being connected 

desired test methodology interface when the logic to wiring that is external to the interface logic circuitry, 

means receives the control driving signals. fnd the wiring is configured to drive the memory core 

22. A programmable memory test interface for testing a in a test mode or a mission mode. 

memory device, comprising: 31- A method for using a memory generator to make a 
a plurality of programmable input pins and output pins; ^ ™™^y "^'^ °" ^ semiconductor chip as recited in claim 30, 

nirther comprismg: 

logic interfacing means for connecting external signals to ^YP^i^S ^ generator to the wiring for driving the 

the plurality of programmable input pins and output "^1^^^^^ ^^S^^ ^'^^ 
pins, the external signals being processed by the logic 

interfacing means and then communicated to a plurality A method for usmg a memory generator to make a 

of memory connection pins that couple up to the memory core on a semiconductor chip as reated m clama 31. 

memory device, the logic component means is capable r^rther comprismg: 

of being configured in accordance with one or more integrating a plurality of flip flops in the interface logic 

memory testing methodologies including a serial built- circuitry for performing the scan test, 

in-self-test (BIST), a parallel built-in-self-test (BIST), a 33. A method for using a memory generator to make a 

parallel test, a serial test, and a scan test, the config- memory core on a semiconductor chip as recited in claim 31, 

uring being performed by selectively interconnecting further comprising: 

selected ones of the plurality of input pins and output operating the interface logic circuitry in one of a non- 
pins to the external signals that drive the logic interface pipeline mode and a pipeline mode, 
means in a test mode that operates in the one or more 34. A method for using a memory generator to make a 
memory testing methodology or a mission mode. memory core on a semiconductor chip as recited in claim 30, 

23. A programmable memory test interface for testing a wherein the memory core is a register file. 

memory device as recited in claim 22, wherein the logic 35. A method for using a memory generator to make a 

interfacing means includes a plurality of logic muhiplexors memory core on a semiconductor chip as recited in claim 34, 

that are connected to some of the plurality of programmable wherein the register file has one of a dedicated read port and 

input pins and output pins. a dedicated write port memory core. 

24. A programmable memory test interface for testing a 36. A method for using a memory generator to make a 
memory device as recited in claim 23, wherein the logic memory core on a semiconductor chip as recited in claim 30, 
interfacing means includes a plurality of flip flops that are wherein the memory core is an N-port SRAM memory, 
connected with some of the plurality of programmable input 

pins and output pins. ♦ * ♦ ♦ ♦ 



05/12/2004, EAST Version: 1.4.1 



